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THE LOWER PERMIAN INSECTS OF KANSAS 


Partl0. OrpER PROTORTHOPTERA: THE FAMILY 
LIOMOPTERIDAE AND Its RELATIVES* 


By Frank M. CARPENTER 


An introduction to this study of the Protorthoptera and a discussion 
of the unusual problems involved were contained in the previous paper 
of this series (1943). Included also was an account of one of the 
protorthopterous families, the Probnisidae, as it occurs in the Elmo 
limestone. The present paper deals with six more families. All of 
these appear to belong to one phylogenetic complex of the order and 
also to be close relatives of the Lemmatophoridae, which constitute 
the extinct order Protoperlaria. 

The specimens which form the basis of this study are in the collec- 
tions of the Museum of Comparative Zoology at Harvard University 
and the Peabody Museum at Yale University. This series of fossils 
contributes significantly to our knowledge of the Protorthoptera. 
As I have previously indicated (1943), the confused state of our 
knowledge of the Protorthoptera is due in large part to the scant 
information we have of them. The genus Probnis, considered in the 
previous paper, is the only member of the order of which we have a 
working knowledge of all four wings and body. Fortunately, the 
excellent material available for the present study provides us with 
comparable knowledge of several other genera. A discussion of their 
relationships and those of other, less satisfactorily known genera will 
follow the descriptive account of the fossils. Wherever possible, I 
have included a restoration of each species, based on all material at 
hand. Such composite figures show only parts actually seen in the 
specimens, unless otherwise indicated. 

The ten species treated here belong to eight genera and six families. 
Since most of the genera are monotypic, distinctions between specific, 
generic, and family traits are essentially arbitrary and will probably 
need to be modified as other species become known. 


Family LIoMoPTERIDAE 


This family was erected by Sellards in 1909 for three species in the 
Elmo limestone. Two of these (ornatum and extensum) were placed 
in Liomopterum Sellards, and the third (elongatum) in a separate genus, 
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Horates. In the new material from the Elmo limestone there are 
specimens of three additional species, one being a Liomopterum, the 
others representing two new genera. The importance of this new 
‘material, however, lies in the information which it gives of the detailed 
structure of the body and hind wing of the commonest species of the 
family, L. ornatum. Unfortunately, almost nothing is known of the 
hind wings or of the body structure of the other species found. It is 
consequently impossible to indicate family characteristics involving 
these parts of the insects except on the assumption that other species 
of the family share them with ornatum. I have therefore assigned 
these species to the Liomopteridae largely because of the structure of 
the fore wing. Additional material, giving information of other parts 
of the insects, may of course show that separation of some species into 
distinct families is necessary. 

That the family Liomopteridae has representatives in other Permian 
deposits is most probable. One such species has been placed there by 
Martynov—Haplopterum majus from the Russian Permian—but 
since it is known only from the remigium of a hind wing, its position in 
the Protorthoptera is uncertain. However, Kazanella rotundipennis 
and A. compressa, which Martynov also described (1930) from the 
Russian Permian and placed in the Protoperlaria (Lemmatophoridae), 
probably belong to the Liomopteridae. Only fragments of the fore 
wings are known, but their preserved parts are highly suggestive of 
the corresponding portions of Liomopterum. 

As far as known, the Liomopterids were small to medium in size, the 
largest having a wing expanse of about 65 mm. The fore wings were 
membranous and were at least partially covered with short but con- 
spicuous hairs. The subcosta terminated on the costa, about two- 
thirds the wing-length from the base, and the costal area contained 
numerous cross-veins, nearly uniformly slanted and with very little 
branching and cell formation. The radius extended well to the apex 
of the wing and its sector (Rs), arising before mid-wing, had at least 
two terminal branches. The media was forked at about the level of 
the origin of Rs (or slightly basal), forming a main anterior branch 
(MA), usually with several terminal branches, and a main posterior 
branch (MP), usually forked. MA and MP were not anastomosed 
with other veins. The cubitus (Cu) was formed as characteristic of 
this whole group of protorthopterous families, with the anterior 
cubitus (CuA) arising basally, diverging anteriorly, and then forking 
into two main branches; the outer (CuA1) had at least two terminal 
branches, but the inner was always unbranched. The wide space 
between CuA and CuP contained at most a double row of cells. The 
posterior cubitus (CuP), apparently as in all the Protorthoptera, was 
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unbranched. ‘The first anal (1A) was also unbranched but 2 was at 
least forked. Cross-veins were numerous in the wing, and in some 
species formed a coarse reticulation, but not with more than two rows 
of cells between veins. 

The hind wing, which is known only in Liomopterum ornatum, had 
a narrower costal space than the fore wing, and Rs arose nearer the 
base; M and CuA were fused to form a single stem; CuA was a strong 
vein, deeply forked; CuP was very weak; 1A was close to CuP and 
straight; 2A was forked. The anal area was well developed, with 
many radial veins. 

The body structure is known in Limopterum and Semopterum, n. 
gen., but all members of the family probably had the same general 
features. The antennae were multisegmented and fully as long as the 
body of the insect; the head was hypognathous and the eyes prominent; 
the prothorax had conspicuous lateral expansions, apparently mem- 
branous, but completely surrounding the pronotum itself; the cerci 
were long, and the legs slender, the hind legs being much longer 
than the others though not modified for jumping; the tarsi were 
5-segmented. 

The three genera which represent this family in the Elmo limestone 
differ in venational features of the fore wings, the relative position of 
the origins of Rs, MP, and CuA2, and the general pattern of the cross- 
veins. 

Genus Liomoplerum Sellards 
Liomopterum Sellards, 1909, Amer. Journ. Sci., (4) 27: 157 
ITorates Sellards, 1909, ibid., 158 

Fore wing: costal area moderately broad, the costal margin convex; 
main fork of M proximal to origin of Rs; cross-veins moderately 
numerous, with cellules (when present) almost exclusively confined to 
the area between CuA and CuP. 

The hind wing, which is known only in ornatum, is described below 
under that species. The cerci were as long as the abdomen; the hind 
legs were about three times as long as the fore pair; the first and fifth 
tarsal segments were subequal, the third and fourth very short, and 
the second slightly longer. 

Genotype: Liomopterum ornatum Sellards 


Liomopterum ornatum Sellards 
Figure 1; figure 2A; plate 1, figure 1. 
Liomopterum ornatum Sellards, 1909, Amer. Journ. Sci., (4) 27: 158, 


figs. 5, 6. 
Liomopterum extensum Sellards, 1909, ibid., 158 
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Fore wing: length, 13-15 mm.; width, 4-6 mm. Costal margin 
strongly convex; costal veinlets well developed and varying from 13 to 
20, mostly unbranched, and rarely sigmoidal; Rs usually with three 
terminal branches, R2, R3, R4 + 5; MA and MP usually with two 
terminal branches; CuA forking slightly proximal to the fork of M, 
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Figure 1. Liomopterum ornatum Sellards. Restoration based on speci- 
mens in the Harvard and Yale collections. Sc, subcosta; R1, radius; Rs, 
radial sector; MA, anterior media; MP, posterior media; CuA, anterior cubitus; 
CuP, posterior cubitus; 1A, first anal vein. 


and usually with three terminal branches, CuAla, CuAlb, and CuA2. 
1A curved away from CuP near its middle; 2A also curved, sub- 
marginal distally; a small remnant of 3A is usually present. Cross- 
veins mostly straight, with sigmoidally shaped ones usually present 
between CuA and CuP, but with no regularly differentiated series. 
Well preserved specimens show three pigment spots, as can be seen in 
the photograph (plate 1, fig. 1); one spot near mid-wing, another at the 
separation of CuA2 from CuAl1, and the third—a more diffuse area— 
around the branches of Rs, where the cross-veins are usually margined. 
The wings have a dense covering of short hairs, clearly preserved in 


good specimens. 
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Hind wing: length, 13-14 mm.; maximum width, 5.6 mm. Costal 
margin slightly concave; M with three or four branches; MA and MP 
separating below the origin of Rs; MA and MP forked, the latter more 
deeply. There are no indications of color markings but many hairs 
like those on the fore wing are discernible. 

Body structure: length of body, 13 mm. The head is 3 mm. wide 
across the eyes, and about as long; the prothorax, 1.5 mm. long and 
3.3 mm. wide across the lateral lobes; mesothorax, 2.1 mm. long and 
2.4 wide; metathorax, 1.9 mm. long, and 2.2 mm. wide; whole abdo- 
men, 6.4 mm. long; cerci, 6.5 mm. long; fore femur, 2 mm. long (beyond 
body), tibia, 1.5 mm. long, tarsus, 2.2 mm. long; middle femur, 2.4 mm. 
long, tibia, 2.7 mm. long, tarsus, 2.2 mm. long; hind femur, 4 mm. long, 
tibia, 5.5 mm. long, tarsus, 3 mm. long. 

The original type of ornatum was specimen no. 5 in the Sellards 
collection, but since that has been lost, I designate as the neotype 
specimen no. 4828, Museum of Comparative Zoology, collected at the 
Elmo locality in 1927. This consists of a complete fore wing (see 
plate 1, figure 1). 

This is one of the common insects in the Elmo limestone fauna. 
It is represented in the Yale collection by 12 specimens and in the 
Harvard collection by 73 specimens, of which 36 are from the lower 
layer of the limestone. Most of these consist of fore wings, of which 
the following are especially well preserved: M. C. Z. 4827, 4828, 4829, 
4830, 4831, 4838, 4840; P. M. 15619, 15746. The hind wing is well 
shown in specimens nos. M. C. Z. 4842, 4843, 4844; and the body 
structure in nos. M. C. Z. 4833, 4834, 4855, 4876, 4878; P. M. 15608, 
15609. 

The wing venation of ornatum, as might be expected, is highly 
variable. A comparison of the fore wings of the extensive series of 
specimens at hand shows that the usual or normal condition, present 
in about 90% of the individuals, is as follows: R2, R3, R4 + 5, MAI, 
MA2, MP1, MP2, CuAla, CuAlb, CuA2. In about 7% of the speci- 
mens, however, R2 is twigged or shallowly forked; in one specimen 
(P. M. 15742), CuA2 is forked, CuAl being unbranched; and in two 
specimens CuAl is unbranched. The cross-veins show the usual 
amount of variation; in the area between CuA and CuP a few cells 
may be found in some specimens, but in others there are only sig- 
moidal cross-veins. The hind-wing venation appears to be less 
variable, but of course there are fewer specimens for comparison. 

I believe the synonymy of extensum with ornatum to be unques- 
tionable. Both of these species were based on single specimens, 
which I studied and photographed. The type of ornatum had the 
usual venation mentioned above, except that MP was unbranched. 
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The type of eatensum was separated by Sellards from ornatum because 
MP was forked and CuA unbranched, but, as indicated above, these 
differences fall well within the fluctuations which occur in this species. 
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Figure 2. Liomopteridae. A, restoration of thorax of L. ornatum from 
_above, showing the hairs on the prothoracic marginal area, around the prono- 
tum proper; based on specimens M. C. Z. 4834 and P. M. 15621. B, Head, 
pronotal area and fore leg of Tapopterum celsum, n. sp., showing hairs covering 
pronotal area; based on specimen M. C. Z. 4941. C, outline of head, pronotal 
area and wing bases of L. sellardsi, dorsal view; based on specimen M. C. Z. 
4936. 


Liomopterum clongatum Sellards 
Figure 3; plate 1, figure 2. 

Huorates clongatus Sellards, 1909, Amer. Journ. Sci., (4) 27: 158, fig. 2. 

Fore wing: length, 18-21 mm.; width, 6-7 mm.; shape much as in 
vrnatum, but with apex more pointed. Costal area about as broad as 
in ornatum; Rs with two or three terminal branches; M forking into 
MA and MP proximad to the origin of Rs; MA with three or four 
terminal branches, MP with two; CuA shaped much as in ornatum; 
CuAl and CuA2 usually separating at about the level of separation of 
MA and MP, more rarely at a more distal position. CuP and the 
anal veins much as in ornatum. Cross-veins somewhat more numerous 
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than in ornatum, but there are more cells between CuA and CuP, and 
there is a tendency for cell formation between Rs and RI. 

Hind wing: only the proximal half of the remigium is known; this 
shows a venational pattern like that of ornatum except that MA 
arises nearer the base of the wing (i. e., just proximad to origin of Rs) 
and MA is forked to about the same level as MP. 

Body structure: length of body, 16 mm. Few details are known, 
but the head appears to be like that of ornatum, with prominent eyes. 
The thoracic segments are each about 2 mm. long, and the abdomen is 
8 mm. long; the cerci are only incompletely known, although one of 
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Figure 3. Liomopterum elongatum (Sellards). A, hind leg (femur inecom- 
plete) of specimen M. C. Z. 4962. B, fore wing of neotype, lettering as in 
figure 1. 


them is 5 mm. long to the point where it is broken; the hind leg as 
preserved is 20 mm. long, the femur being 4.5 mm. long (incomplete), 
the tibia, 8 mm., and the tarsus 3.5mm. The tarsal segmentation is 
like that of ornatum, the first segment being the longest, the third and 
fourth very short. The femur is not nearly so broad as that of orna- 
tum, and the tibia has several prominent spines along the ventral 
surface. Nothing is known of the structure of the other legs or of the 
antennae and pronotum. 

Type: The type of clongatum was specimen no. 992, Sellards collec- 
tion; this being lost, I designate as the neotype specimen no. 15612ab, 
in the Peabody Museum, Yale University. This is a complete and 
well preserved fore wing, collected at the Elmo locality by C. O. 
Dunbar. 

This is not a common species in the Elmo deposit, there being but 
six specimens in both the Harvard and Yale collections, nos. M. C. 
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Z. 4889, 4928, 4962, P. M. 15749, 15573. Two of the three Harvard 
specimens are from the upper layer of the limestone. 

Only one of the six fossils, no. 4962, shows any of the body. This 
specimen, which also includes a fore wing and part of a hind wing, 
shows the general body form; one metathoracic leg is very well 
preserved (figure 3). The femur is not so broad as that of ornatum, but 
in other respects the hind legs of the two insects are nearly identical. 

I have identified the above specimens as elongatum on the basis of 
Sellards’ figure and description; the type could not be found in his 
collection when I examined it at Austin, Texas, in 1927. Sellards’ 
drawing shows that the type was fragmentary, consisting of only 
the proximal third of a fore wing. However, there is enough of 
the venation preserved to justify the assignment of these specimens 
to elongatum. 

As I have indicated above a new genus scarcely seems necessary for 
elongatum. Since Sellards did not separate his generic and specific 
diagnoses, it is not possible to analyze his definition; but I can see no 
reason for retaining the generic distinction. 


Liomopterum sellardsi, n. sp. 
Figure 2C; figure 4. 

Fore wing: length, 17-18 mm.; width, 6.2-6.5 mm. Costal margin 
curved as in elongatum, but the apex of the wing is more tapering. 
Proximal part of Se closer to the margin than the distal part, the 
curve of Se being proximal to the origin of Rs. Rs with two or three 
terminal branches. M forked just before the origin of Rs; MA with 
four or five terminal branches; MP forked; CuA like that of elongatum, 
except that CuA2 arises nearer the base; cross-veins about as numerous 
as in ornatum, the distal ones being very weak; cellules occur in the 
area between CuA and CuP, CuAl and CuA2, and MP and CuAl. 

The hind wing is unknown, but some of the body structures are 
preserved in one specimen (4936). The head is 3.7 mm. wide at the 
level of the eyes. The prothorax has a dorsal shield, 5 mm. wide, 
which consists of a distinct pronotum and the extended lobes, as in 
ornatum. The entire shield, however, is more nearly circular than 
that of ornatum. One hind leg is preserved in dorsal view (except for 
the tarsus), with the following dimensions: coxa, 1.5 mm. long; tro- 
chanter, 1 mm.; femur, 4.5 mm.; tibia, 8 mm.; tarsus (incomplete), 
2.5mm. The combined lengths of the femur, tibia and tarsus total 
15 mm., which indicates that the hind legs of sellardsi were relatively 
the same size as those of ornatum. 

Holotype: No. 4978, Museum of Comparative Zoology; collected at 
the Elmo locality by F. M. Carpenter. This consists of a complete 
fore wing, 18 mm. long and 6.5 mm. wide. 
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Paratypes: M. C. Z.: No. 4937, a nearly complete fore wing; No. 
4939, an incomplete insect, showing part of fore wing and prothorax; 
No. 4940, an incomplete insect, showing fore wing, part of the body 
and a hind leg. Peabody Museum: No. 16180, a complete fore wing, 


Figure 4. Liomopterum sellardsi, n. sp. Fore wing, drawn from holotype. 
Lettering as in figure 1. 


well preserved. In addition to the types listed, there are two poorer 
specimens in the Harvard collection, nos. 4935 and 4933. All speci- 
mens of this species were collected in the lower layer of the limestone. 

This species, which is about the size of Liomopterum elongatum, 
differs in the shape of the wing, and by having a distinct proximal bend 
in the subcosta. The latter feature is constant in all specimens at 
hand. 

Tapopterum, new genus 


Fore wing: costal area narrow, the costal margin straight or nearly 
so at the middle; main fork of M proximal to origin of Rs; CuA forking 
proximad of first fork of M; cross-veins numerous, with at least a few 
cellules present between most main veins. 

Hind wing unknown. The body structure, so far as known, re- 
sembles that of ornatum. 

Genotype: Tapopterum celsum, n. sp. 


Tapopterum celsum, n. sp. 
Figure 2B; figure 5; plate 2, figure 1. 

Fore wing: length, 19 mm.; width, 6 mm.; widest beyond the center 
of wing; costal space slightly narrower in the proximal third of wing 
than beyond; Rs forking into R2 + 3 and R4 + 5 just beyond mid- 
wing; R2 with four terminal branches; R3, R4, and R5 unbranched; 
MA and MP forked to about equal depth; CuAl forked, somewhat 
more deeply than MP; CuA2 unbranched; 1A unbranched; 2A forked. 


Cross-veins numerous with differentiation over various areas of wing. 


196 CARPENTER 


In the subcostal area, basal to the origin of Rs, there are five veins, 
forming cellules; further distally, the cross-veins are stronger, long, 
and sigmoidal; no cellules in distal part of wing; two rows of cellules 
between the proximal parts of MA and MP, MP and CuA, CuA and 
CuP. 
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Figure 5. Tapopterum celsum, n. sp. Drawing of fore wing, based on 
holotype. Lettering as in figure 1. 


Most of the wing except the distal part has prominent maculations, 
the spots being located in the cellules, as shown in plate 2, figure 1. 
The wing is also covered with fine, short hairs, much shorter than those 
of Liomopterum ornatum. 

Hind wing unknown. 

Nothing is known of the body structure except for the head, pro- 
thorax, and fore leg, which are preserved in specimen no. 4941. The 
head, seen in dorsal view, is 2.3 mm. at the level of the eyes; the pro- 
thoracic disc is differently shaped from that of Liomopterum, its lateral 
margins being nearly straight, instead of curved. The pronotum 
itself shows a distinct color pattern, symmetrical on the two sides of 
the plate. The fore leg is relatively shorter and stouter than that of 
Liomopterum, the femur being 2.3 mm. long beyond the body; the 
tibia and tarsus each 2 mm. long. The tarsus is 5-segmented, with 
the segments much like those of Liomopterum. 

Holotype: No. 4930, Museum of Comparative Zoology. Collected 
at the Elmo locality by F. M. Carpenter. This consists of a complete 
and well preserved fore wing. 

Paratype: No. 4941lab, M. C. Z., consisting of part of a whole insect, 
but with metathorax and abdomen distorted or broken away. 

This species seems unquestionably related to the genus Liomop- 
ferum, but the narrow costal area, larger number of cellules, and the 
more extensive development of the radial sector make it generically 


distinct. 
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Semopterum, new genus 


Fore wing: costal area moderately broad, the margin strongly 
curved; main fork of M at about the level of origin of Rs or slightly 
basal to that part; CuA forking proximally to first fork of M; cross- 
veins more numerous than in Liomopterum and Tapopterum; costal 
veinlets with few or no branches; cellules very few and confined to 
proximal half of wing. 

Hind wing unknown. 

Genotype: Semopterum vrenosum, n. sp. 

Semopterum venosum, n. sp. 
Figure 6. 

Fore wing: length, 29 mm.; width, 9 mm.; Rs with from three to 

five terminal branches; MA with from three to five terminal branches; 


MP with two terminal branches; CuA forking proximad to origin of 
Rs; CuAl with three terminal branches, all distal to the axis of CuAl; 
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FiGuRE 6. Semopterum venosum, n. sp. Drawing of fore wing, based on 
holotype. Lettering as in figure 1. 


CuA2 unbranched; anal angle of wing conspicuously developed with 
3A and 4A separate and distinct. The cross-veins between R1 and 
Rs are uniformly curved, as far distal as the origin of R4 + 5; beyond 
that point they are sigmoidal. 

The wing was probably heavier and thicker than that of Liomop- 
terum or Tapopterum. A few scattered patches of hairs are preserved 
in one specimen (P. M. 15750), and the holotype has small irregular 
blotches of reddish brown. 

Hind wing and body structure unknown. 

Holotype: No. 4924, Museum of Comparative Zoology; collected 
at the Elmo locality by F. M. Carpenter. This is a well preserved 
fore wing, complete except for a small piece of the hind margin. 

Paratypes: No. 4953, Museum of Comparative Zoology, the distal 
half of a fore wing. No. 15750, Peabody Museum, a well preserved 
fore wing, lacking the posterior margin and apex. No. 15635ab, 
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Peabody Museum, a well preserved fore wing, lacking the proximal 
fourth. 

In addition, there are two fragments of fore wings in the Harvard 
collection. All specimens, except one of the latter, are from the 
lower layer of the limestone. 

This species, which apparently had a wing expanse of about 27.5 
mm. (3 inches), differs from the other Liomopterids in several obvious 
respects. The cross-veins are more numerous, the area between CuA 
and CuP is no greater than that between other veins, and the anal 
veins are better developed. The last-mentioned characteristic is the 
most interesting, since it reflects the condition found in other families, 
described below. 

CHELOPTERIDAE, new family 


Insects of medium size, related to the Liomopteridae. The fore 
wing was membranous, but lacked hairs. The subcosta terminated 
on the costa about two-thirds the wing length from the base, as in the 
Liomopterids, but it seemed to terminate sooner because of ite abrupt 
approach to the costal margin. The costal area had numerous cross- 
veins slanted at various angles and many of them were forked. The 
radius extending nearly to the apex, its sector arising not far from 
mid-wing, with at least two branches. The anterior (MA) and pos- 
terior (MP) branches of M had several forks. The cubitus was 
essentially as in the Liomopteridae, with CuA diverging anteriorly 
at the base of the wing and dividing into two main branches (CuAl, 
CuA2). 1A was either unbranched or forked and 2A branched. 
Cross-veins were numerous, strong basally but weak distally; cellules 
were very few and the cross-veins between Rs and R1 were slanted 
and nearly parallel. 

The hind wing had a general form like that of Liomopterum. Rs 
arose even nearer the base of the wing than in the latter, however; 
the stems of R, M, and Cu were apparently coalesced; and CuA was 
unbranched. The anal area was somewhat larger than that of 
Liomopterum, and had more radiating veins. Cross-veins formed a 
distinct network of cells in various parts of remigium. 

The body structure is unusually well known. The antennae were 
almost as long as the wing, but had only about half as many segments 
as in the Liomopteridae. The head was broad, with conspicuous 
eyes. The prothorax possessed a dorsal disc consisting of the pro- 
notum and a flat marginal area, apparently membranous, but lacking 
the hairs found in the Liomopteridae. The cerci of the male were 
modified to form forceps; the female had a prominent, exserted 
ovipositor. The hind legs were not much longer than the middle 
pair, and all tarsi were 5-segmented. 
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Chelopterum, new genus 


Fore wing: costal area broad proximally, abruptly narrowed at 
about mid-wing; origin of Rs slightly proximal to mid-wing, and main 
fork of M just proximal to origin of Rs; CuAl and CuA2 separating 
before main fork of M; cross-veins between CuA and CuP usually 
form a few large cells. 

Hind wing: as characterized in the account of the family; network of 
cross-veins occurring in the distal part of the wing between each 
branch of a vein; and also between CuA and MP. 

The body structure will be described below under the account of the . 
species. | 

Genotype: Chelopterum peregrinum, Nn. sp. 


Chelopterum peregrinum, n. sp. 


Figure 7; plate 3, figures 1 and 2. 
Fore wing: 14-17 mm. long, 4-5.5 mm. wide. Costal margin 
slightly curved, apex broadly rounded; costal veinlets from 20 to 30 
in number, varying in slant and shape; cross-veins between R1 and Se 
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Figure 7. Chelopterum peregrinum, n. sp. (Male). Restoration based on 
specimens in Harvard and Yale collections. Lettering as in figure 1. 


slanted in opposite direction from those between R1 and Rs; Rs with 
two branches in most specimens (85%), less often with three branches; 
MA with two branches in most specimens (80%), less often (15%) with 
three branches, and rarely (5%) with four branches; MP with either 
four branches (55%) or three branches (40%), rarely with two 
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branches (5%); CuAl highly variable, with from two terminal 
branches to five long branches. The cross-veins are strong in the 
proximal part of the wing, but almost completely absent distally; a 
faint trace of reticulation is discernible in the apical region. Many 
specimens of fore wings show distinct markings; these consist of two 
dark transverse bands, usually reddish as preserved, one across the 
pterostigmal area, the other just proximal to mid-wing. 

Hind wing: length, 11-12 mm.; maximum width, 5-6 mm.; Rs 
deeply forked, MA unbranched, MP with three terminal branches; 
2A with five or six terminal branches; at least seven additional, 
radiating anal veins. 

Body structure: length of body, 11 mm. The head, shown best in 
specimen M. C. Z. 4896, is about twice as wide as it is long, when seen 
from above. The eyes are conspicuous. The antennae, which are 
preserved in specimen M. C. Z. 4905, are about two-thirds as long as 
the fore wing, and include about twenty-one segments, the proximal 
ones being much shorter than those in the distal part. The pronotum, 
which is clearly preserved in specimens M. C. Z. 4905 and P. M. 
15745, is encircled by the flat, lateral expansions, the margin being 
narrowest anteriorly. This marginal area is apparently much 
thinner than the central pronotal plate, and was probably membra- 
nous, though hairs are not visible. The mesonotum is large and 
shows a weakly defined scutellum. Although the legs are incom- 
pletely known, the fore legs are apparently much shorter than the 
others. The mesotarsal segmentation only is known (M. C. Z. 4897); 
the first two segments are subequal, the next two very short, and the 
fifth, about as long as the first. The hind legs are much longer than 
the middle pair, though not nearly so long as in Liomopterum. Nine 
segments of the abdomen can be seen in several specimens, though in 
most some distortion has resulted from flattening. The remaining 
two segemnts are presumably reduced and modified as to be indis- 
tinguishable from above. Several specimens show distinct terminal 
processes in the form of curved forceps, with a slender curved filament 
attached toeach. Since such specimens show no indications of typical 
cerci, I infer that these structures are modified cerci and that indi- 
viduals possessing them are males. Other specimens, however, pos- 
sess short but normal cerci, in addition to a medial process, obviously 
an ovipositor, which is about two-thirds as long as the abdomen. 

The following are dimensions of the specified body structures: head, 
1 mm. long (seen from above), 2.2 mm. wide; antennae, 9 mm. long; 
prothorax, 2 mm. long, 2.5 mm. wide; mesothorax, 2.5 mm. long, 2 mm. 
wide; metathorax, the same; abdomen, 6 mm. long, 2.2 mm. wide 
(maximum); cerci male, 1.5 mm. long; female, 1 mm. (incomplete); 
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fore tibia, 1.5 mm. long, fore tarsus, 1.2 mm. long; mesothoracic tibia 
and tarsus, each 1.5 mm. long; hind femur 2.5 mm. long (incomplete) ; 
hind tibia, 2.5 mm. long. Ovipositor, 5 mm. beyond abdomen. 

Holotype: No. 4904, Museum of Comparative Zoology; collected 
by F. M. Carpenter at the Elmo locality. This consists of a nearly 
complete specimen, showing fore and hind wings and much of the body. 

Paratypes: In the Museum of Comparative Zoology: nos. 4891, 
4892, 4906, all fore wings; nos. 4897, 4898, 4901, 4903, all showing the 
wings and body; nos. 4902 and 4910, hind wings. In the Peabody 
Museum: nos. 15443, 15645, 15658, 15739, 15448, all fore wings; no. 
15745, consisting of the wings and body. 

This is not a rare insect in the Elmo limestone. In the Peabody 
Museum collection there are thirteen specimens and in the Museum 
of Comparative Zoology, forty-five specimens (with equal representa- 
tion of the two layers), making a total of seventy-three. Although 
certain details are lacking, our knowledge of the structure of this 
insect surpasses that of nearly all other Protorthoptera. ‘The most 
notable feature is the modified cerci of the males. There is no doubt 
that both the stout hooks and the slender distal processes are part of 
the same structure. In all seven specimens showing the cerci, the 
relative position of the hooks and distal processes is identical—a con- 
dition which would scarcely exist, if the two were independent. The 
distal filaments, though showing no indications of segmentation, are 
perhaps the apical parts of the cerci, the stout hooks being formed by 
the proximal portion. Cheliform cerci are not uncommon among true 
Orthoptera, especially the Tettigoniidae, and some are toothed, but 
none, so far as I am aware, are quite like those of Chelopterum. 

The presence of the ovipositor is another interesting feature of this 
insect. Unfortunately, since both specimens which show the ovi- 
positor are preserved in a dorso-ventral position, its shape cannot be 
accurately determined. However, as seen in these fossils, it is very 
straight and slender, looking much like the ovipositor of the Gryllidae. 


STEREOPTERIDAE, new family 


Small insects, apparently related to the Liomopteridae. ‘The fore 
wing was somewhat coriaceous, with a few patches of conspicuous 
hairs, but without a complete covering of microtrichia. Se termi- 
nated about two-thirds the wing length from the base; the costal area 
contained many cross-veins slanted at various angles, but rarely 
forked. The radius terminated before the apex of the wing, its sector 
arising before mid-wing; MA and MP were unbranched or forked; the 
cubitus was formed as in the Liomopterids except that CuA, after 
leaving CuP, coalesced for a short distance with M before curving 
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posteriorly again; 1A was unbranched and the vther anal veins were 
crowded and reticulate. The cross-veins were numerous over the 
wing, those between RK and Sc being long and sigmoidal. <A coarse 
net-work of cross-veins occurred between CuA and CuP. 

The hind wing and body structure are unknown. 


Stereopterum, new genus 
Fore wing: costal area nearly uniform for most of its length; MA 
and MP separating about at the level of origin of Rs; MA terminating 
at wing apex; other characteristics as given under the species. 
Genotype: Stereopterum rotundum, n. sp. 


Stereopterum rotundum, n. sp. 
Figure 8. 
Fore wing: length, 12.8-13.5 mm.; width, 4.5-5 mm. Costal 
margin strongly curved, apex bluntly rounded; costal area with 
abeut 15 cross-veins; subcostal area with 6-8 long, sigmoidal cross- 


veins; Rs forked distally; MA unbranched or forked; MP with two or 


Figure 8. Stereoplerum rotundum, n. sp. Drawing of fore wing, based on 
holotype. Lettering as in figure 1. 


three terminal branches; CuA dividing into CuAl and CuA2 shortly 
after the anastomosis with M, though the base of CuA2 is sometimes 
lost in net-work of cross-veins; CuAl with two or three terminal 
branches; CuA2 unbranched or forked distally. The costal margin 
bears several stout spines, at least proximally; Rs, MA, and MP have 
about ten prominent hairs near the center of the wing; and the base of 
the anal area has a patch of smaller, stout hairs. Cross-veins highly 
variable in number and arrangement. 

Hind wing and body unknown. 

Holotype: No. 4922ab, Museum of Comparative Zoology ; collected 
at the Elmo locality (lower layer) by F. M. Carpenter. This consists 
of a complete and well preserved fore wing. 
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Paratypes: Nos. 4956 and 4980, Museum of Comparative Zoology, 
complete fore wings except for anal area. No. 15634ab, Peabody 
Museum, Yale University, consiting of a complete fore wing. 

This is a rare insect in the Elmo fauna. In addition to the types 
mentioned, I have seen only four other specimens. All of these eight 
fossils are from the lower layer of the limestone. 

I have established a separate family for this species mainly on the 
basis of the anastomosis of CuA with the stem of M, which apparently 
represents an advanced stage in the evolution of the cubitus in this 
particular protorthopterous line. This appears to be a constant 
feature of the fore wing, for, although other venational details vary 
greatly, this is constant in the eight specimens at hand. Until the 
hind wing and body structure are known, it will not be possible to 
place this insect more precisely. 


DEMOPTERIDAE, new family 


Insects of medium size, related to the Liomopteridae. The fore 
wing was coriaceous and the veins thick. Sc terminated on the costal 
margin about two-thirds of the wing-length from the base; the costal 
area was about as wide as the subcostal area, its cross-veins numerous 
and irregular. The radius terminated before the apex of the wing, 
its sector arising before mid-wing and weakly branched at most; MA 
and MP separated at about the level of the origin of Rs; MP had many 
more branches than MA. Cu was formed as in the Liomopteridae, but 
CuA2 separated from CuAl at about the level of the origin of Rs. 
CuAl had several branches: 1A was close to CuP, and 2A was well 
developed, with several branches. Cross-veins were very numerous, 
forming an irregular network over many parts of the wing. 

The hind wing and body structure are unknown. 


Demopterum, new genus 


Fore wing: costal area nearly uniform in width for its entire length, 
its cross-veins not markedly slanted; subcostal cross-veins at least 
slightly sigmoidal. Area between CuA and CuP with several irregu- 
lar rows of cellules. Other characteristics as given under the species. 

Genotype: Demopterum gracile, n. sp. 


Demopterum gracile, n. sp. 
Figure 9; plate 2, figure 2. 
Fore wing: length, 18-21 mm., width, 5.5-6 mm.; costal margin 
nearly straight or slightly concave; costal area with 14-18 veinlets, 


rarely forked; subcostal cross-veins also numerous, more or less sig- 
moidal; Rs either unbranched or weakly forked distally: MA forked 
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distally; MP with five or six terminal branches, highly variable in 
arrangement; CuA with four or five terminal branches, also variable 
in form. 

Hind wing and body unknown. 

Holotype: No. 4961, Museum of Comparative Zoology, collected 
at the Elmo locality (lower layer) by F. M. Carpenter; this is a com- 
plete and well preserved fore wing. 
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FIGURE 9. Demopterum gracile, n. sp. Drawing of fore wing, based on 
holotype. Lettering as in figure 1. 


Paratypes: No. 15793, Peabody Museum, Yale University, collected 
at the Elmo locality by C. O. Dunbar. This consists of two fore 
wings slightly overlapping, and lacking the distal portions. No. 
15562 (counterpart 15652), Peabody Museum; this is a complete fore 
wing. In addition to these, there is another specimen (No. 15646 
Peabody Museum), consisting of the proximal half of a wing. 

This is apparently a rare species in the Elmo fauna. On the basis 
of the evidence now at hand it belongs to the same group of Protorthop- 
tera as the Liomopteridae and Chelopteridae, but the coriaceous tex- 
ture of the fore wings, indicated by the thick veins, places it in a dis- 
tinct family. This is also substantiated by the structure of the 
cubitus, for it is the only species in this group of Protorthoptera which 
does not have a proximal division of CuA. 

The venation of Demopterum gracile is obviously subject to much 
variation,—at any rate, the differences in the patterns of cross-veins 
in the few known specimens are very striking. The longitudinal veins 
are apparently much more stable, showing only the usual amount of 
variation. 

Family PHENOPTERIDAE, new name! 

Small insects, related to the Liomopteridae. The fore wing was 
apparently membranous and delicate, though having a conspicuous 
reticulation of strong cross-veins. Hairs and spines were absent from 


1 New name for Lepiidae Sellards. 
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the wing. The subcosta terminated on the costa, about two-thirds the 
wing length from the base, the costal area containing numerous cross- 
veins, uniformly slanted and with little reticulation. The radius 
terminated well before the apex of the wing, its radius arising before 
midwing, and having only two or three branches. The media was 
forked to approximately the level of the origin of Rs, with few 
branches. The cubitus was formed as characteristic of this group of 
protorthopterous families, with CuA diverging anteriorly away from 
CuP and forking with two main branches (CuAl, CuA2). An anterior 
branch of CuA extended well along towards the apex of the wing. 
CuP and the three or four anal veins were unbranched. The distal 
parts of Rs, MA, MP, and CuAl1, beginning at about midwing, were 
abruptly thickened. 

The hind wing was about as long as the fore wing, and it also had a 
network of cross-veins, at least in the remigium. R, M and CuA 
arose from a single basal stem, CuA diverging just before M, and M 
before R. M separated into MA and MP just before midwing. CuA 
was a very heavy vein, branched distally as in the Liomopteridae. 
The anal area was apparently well developed, as in the preceding 
species, but its venation is almost unknown. The body structure is 
completely unknown. 

This family was established by Sellards in 1909 for three species 
belonging to the genera Leyaum and Alara. From my examination of 
his type specimens and from a study of many individuals in the Har- 
vard and Yale collections, I am convinced that the two species of his 
genus Lepium represent only a single species, elongatum. Atava, on 
the other hand, does not belong to the same family; the unique species 
(ovata) for which the genus was established is known only by part of a 
hind wing. It is removed to a remote position from elongatum by the 
unbranched CuA, and since the fore wing is unknown, it should be 
placed in Protorthoptera “‘incertae sedis”. Handlirsch also placed in 
the family with Lepium a species (Permula lebachensis Handl.) from 
the Permian of Germany. However, the fossil on which the species 
was based consists of a proximal fragment of a relatively large wing, 
some 50 mm. long. Since no features suggestive of elongatum are 
preserved in the fossil, there seems little justification for assigning it 
to the same family. It is undoubtedly protorthopterous, however, 
and hence should be referred to “incertae sedis” under that order. 


Genus Phenopterum, new name 


Lepium Sellards, 1909, Amer. Journ. Sci., (4) 27: 156 (nec Lepium 
Enderlein, 1906, Spolia Zeylan., (14): 81. [Corrodentia}). 
Fore wing: slender; costal area moderately broad proximally, much 
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narrowed distally, the costal margin being nearly straight; M forked 
slightly basad to level of origin of Rs; MA unbranched or forked; 
MP unbranched. 

Hind wing: main veins with terminal branches much as in the fore 
wing, though MP was apparently forked distally. The conspicuous 
anterior branch of CuA arises at about midwing. 

Genotype: Lepium clongatum Sellards. 


Phenopterum elongatum (Sellards) 
Figure 10. 
Lepium clongatum Sellards, 1909, Amer. Journ. Sci., (4) 27: 156, fig. 8 


Lepium reticulatum Sellards, 1909, ibid., p. 156 
Lepium sellardsi Handlirsch, 1919, Denkschr. Akad. Wiss., 96: 32 
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Figure 10. Phenopterum elongatum (Sellards). A, fore wing, based on 
specimen M. C. Z. 4931; B, hind wing, based on specimens M. C. Z. 4973 and 
4970. Lettering as in figure 1. 


Fore wing: 13.5-14 mm., width, 3.5-4.2 mm.; 20-25 costal veinlets, 
10-15 cross-veins between Se and R1; Rs usually with R2, R3, and 
R4 + 5, less often with R2 + 3 (about 25% of the specimens) and 
even less often with R4, R5 (10% of specimens); MA either undivided 
or forked into MAI and MA2, about half of the number of specimens 
being in each category; MP unbranched in all known specimens; 
cross-veins forming an irregular network, highly variable in details, 
but nearly constant in general appearance. 
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Hind wing: length, 13 mm.; width, 3.5 mm. (remigium only). 
Rs with R2 + 3, R4+ 5; MA and MP either unbranched or forked 
distally; cross-veins forming a network like that of the fore wing; the 
anal area is unknown. 

Type: since the type of elongatum is lost, I designate as the neotype, 
specimen 493lab in the Museum of Comparative Zoology. This 
consists of a complete and well preserved fore wing collected by F. M. 
Carpenter at the Elmo locality. 

Altogether, including Dr. Sellards’ types, I have seen twenty-two 
specimens of this unusual insect. Of the twelve specimens contained 
in the Harvard collection, about half are from the upper layer. Some 
of the fore wings (such as M. C. Z. 4925, 4931, 4926, 4971 and P. M. 
15637, 15583) are very well preserved. One specimen, M. C. Z. 4974, 
shows all four wings, but the venation is poorly preserved in all wings. 
Although there are several specimens of hind wings (M. C. Z. 4970, 
4973; P. M. 15617, 15632), in all of them the anal area is folded over 
in such a way that its venation is obscure. In two of them (M. C. Z. 
4973, 4970) it is possible to make out parts of the anal veins, as indi- 
cated in figure 10. 

The complete absence of body structures in all specimens is remark- 
able, and probably means that the insect in general was delicate, with 
a weakly sclerotized integument. 

The type of reticulatum consisted of a well preserved fore wing, 
differing from the type of elongatum by having an incomplete third 
branch to Rs. As indicated above, however, the number and arrange- 
ment of the branches of Rs are highly variable in this insect, no two 
specimens being alike. The longer Rl, mentioned in Sellards’ 
description of reticulatum, is due to the difficulty in determining just 
where R1 ends and the veinlets begin. As noted by Sellards, the type 
of reticulatum showed something of the anal area of the hind wing, 
but this was folded to such an extent that the venation was obscure. 

L. sellardsi was established by Handlirsch, without diagnosis, for 
the unfigured hind wing which Sellards described as ‘“Lepium (?) sp.” 
Examination (1927) of this specimen, which consisted of the middle 
part of the remigium, convinced me that it had no peculiarities 
justifying specific separation from elongatum. 


Family PROTEMBIIDAE 


Small insects, related to the Phenopteridae. Fore wing slightly 
coriaceous; distal parts of Rs, MA and MP bordered by delicate lines 
on each side. The subcosta terminated on the costa, the costal space 
being very narrow. Ks arose at midwing, and M was forked before 
the level of the origin of Rs. CuA was formed as characteristic of 
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this group of Protorthoptera, but CuA2 was not differentiated from 
the rest of CuA, which had several distal branches, as in the Phenop- 
teridae. The anal area was much reduced, only the first anal being 
present. The distal portions of Rs, MA and MP were bordered by 
delicate lines, resembling thin veins. The hind wing was about as 
long as the fore wing. M was unbranched at least to the middle of 
the wing; Rs arose near the base of the wing; CuA had a prominent 
distal fork, like that of the Lepiids. The anal area is incompletely 
known, but it was apparently much smaller than that of the Liomop- 
teridae. The lines bordering Rs, MA and MP were present as in the 
fore wing, though somewhat weaker. 

The body was large and long in proportion to the wings; the head 
small, with prominent eyes; the antennae long with about 28 segments. 
The prothoracic lobes were very small. The hind legs were much 
longer than the other two pair, but were apparently not modified for 
jumping. All tarsi were 5-segmented. The cerci were short, only 
about as long as the fore tarsi, and consisted of a few distinct segments. 

This family was established by Tillyard in 1937 for Protemhna 
permiana Till., which was known to him by the poorly preserved type 
specimen, and which he placed in a new suborder (Protembiaria) of 
the order Embiaria. Later the same year Tillyard also described 
another species from the Elmo deposit which he named Telactinop- 
teryx striatipennis and placed in the family Probnisidae of the order 
Protoperlaria. A study of the type of P. permiana and of the nu- 
merous specimens of 7’. striatipennis in both Yale and Harvard collec- 
tions convinces me that they are the same species. The evidence for 
this conclusion will be given below following the account of the species. 
Unfortunately, the generic name Protemlia, which carries an erroneous 
phylogenetic implication, has priority over the more appropriate term, 
Telactinopteryx. 


Genus Protembia Tillyard 


Protemlia Tillyard, 1937, Amer. Journ. Sci., (5) 33: 243 
Telactinopteryx Tillyard, 1937, ibid., 422 

Fore wing: costal veinlets very short and few in number; beyond 
end of Sc there are several long veinlets between R and the costal 
margin; Rs with three terminal branches; MA and MP at least 
forked; cross-veins numerous in the central part of the wing, appar- 
ently absent in the region of the terminal branches of the main veins; 
cellules are only rarely formed. 

Hind wing: Sc and Ri essentially as in the fore wing; Rs forked 
distally; MA and MP either unbranched or forked. 

The body structure is described below under the species. 
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Protemhia permiana Tillyard 
Figure 11. 
Protemhna permiana Tillyard, 1937, Amer. Journ. Sci., (5) 33: 245, 
figs. 1- 
T FR ant striatupennis Tillyard, 1937, ibid., 422, figs. 8-10. 
Fore wing: length, 7—7.5 mm. long, 2 mm. wide. 6-8 costal veinlets, 
8-11 cross-veins between R1 and the wing margin; one or two cross- 
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FicurE 11. Protembia permiana Tillyard. Restoration based on speci- 
mens in Harvard and Yale collections. Lettering as in figure 1. 


veins between R and Sc; Rs divided into R2, R3, R4 + 5; MA usually 
three branched, with either MA1 or MA2 bearing the extra fork; MP 
usually with three or four terminal branches; CuA1 usually with five 
terminal branches. 

Hind wing: length, 6.8 mm., width, 2.5 mm., across anal area. Rs 
and MA usually with two branches, MP either unbranched or forked. 
Cross-veins are fewer than in fore wing, with almost no cellule for- 
mation. 
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Body structure: length of body, excluding cerci and antennae, 
7-8 mm.; head small (1 mm. wide), with prominent eyes. Antennae 
relatively long (11 mm.), consisting of about 28 subequal segments, 
each about three times as long as wide. The mouth-parts are un- 
known, except for the palpi (probably maxillary), which are about .6 
mm. long and include at least three segments. Thorax relatively long 
and narrow. The prothorax, which is a little broader than long 
(1 x 1.5 mm.), has small lateral extensions, much smaller than those of 
the Liomopterids or related insects; whether these extensions were 
coriaceous, as they appear to me, or membranous, as Tillyard thought, 
remains uncertain. The meso- and metathoracic segments are sub- 
equal, and a little longer than broad (1.5x1 mm.). The fore legs 
are of moderate size, extending about 3 mm. beyond the edge of the 
thorax; the tarsi 5-segmented, the first and last tarsomeres being long 
and subequal, the other three being much shorter and subequal. 
The mesothoracic legs are only slightly longer than the fore pair, with 
the same tarsal segmentation. Hind legs about twice as long as the 
fore pair; the tarsal segmentation is not visible in any specimen, but 
there is no reason to assume it differed from that of the other two 
pairs of legs. The abdomen, which is about as long as the head and 
thorax combined, terminates in a pair of short cerci (1 mm.), consisting 
of several (6-8) indistinct segments. None of the specimens at hand 
show an exserted ovipositor like that of some of the previously de- 
scribed species. 

Holotype: No. 15507ab, Peabody Museum, Yale University. The 
fossil consists of a very indistinctly preserved whole specimen. 

This is not a common species in the Elmo fauna. In the Yale 
collection there are apparently only four specimens, including the 
three types of Telactinopteryx striatipennis Till. In the Harvard 
collection there are thirteen specimens, with about equal numbers 
from the upper and lower layers of the limestone. Among the speci- 
mens in the Harvard collection are two exceptionally well preserved 
fore wings (nos. 4987ab, 4927), two good hind wings (nos. 4980, 4982), 
and several excellent whole specimens showing all wings and parts of 
the body (nos. 4978, 4979, 4985, 4986, 4988 and 4989). 

The most remarkable feature of Protembia is the lines paralleling 
the distal parts of the main veins in both wings. Tillyard, who did 
not represent them quite correctly in his figure, termed them “striae 
or rays’, but was unable to determine their nature. In most speci- 
mens they appear to be delicate creases in the wing membrane, but 
in one very well preserved fossil (M. C. Z. 4986) they are preserved 
like true veins——fine lines of cuticular material. Whatever their struc- 
ture, they are interesting because in several families of Protorthoptera 
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the distal part of the wing is differentiated from the proximal part by 
a change in texture, in density or in appearance of the veins. This is 
seen in the Phenopteridae, for example, and more markedly in the 
Blattinopsidae, and will be discussed in the next paper in this series. 
The above synonymy of Telactinopteryx striatipennis with Pro- 
tembia permiana is based upon my examination of the types of these 
species as well as the additional material mentioned above. Since 
the types of 7. striatipennis were very well preserved, there is no 
uncertainty about the characteristics of that species. Tillyard’s 
account of striatipennis is misleading in two important respects, 
however, and it is necessary to discuss these before coming to the 
reasons for the synonymy. First, there are two of the longitudinal 
rays or striae between the apical branches of the veins instead of three 
as shown by Tillyard. His figure of the striae was actually correct 
except that the middle of his three striae was in reality a branch of the 
vein. Also these striae arise with the branches of the veins which 
they parallel, as indicated in the accompanying illustration. In the 
second place, the eyes of striatipennis, which Tillyard depicted as 
being small, were actually larger, Tillyard having been misled by the 
angle at which the head was placed in the paratype (no. 15559). 
The unique type on which Protemlia permiana was based is so 
poorly preserved that Tillyard’s description of it was necessarily the 
result of interpretations of faint and vague markings on the rock 
matrix. My suspicions of the identity of permzana and striatipennis 
were aroused by the dotted lines shown in Tillyard’s figure 2 (1937, p. 
245) which paralleled the distal branches of the main veins, for, as 
drawn by him, they were precisely like those in specimens of strzatz- 
pennis. My examination of the type of Protembia substantiated the 
conviction that the lines or striae were identical in the two fossils. 
The venation of permiana, as depicted in Tillyard’s figure 2 seems 
to be very different from that of 7. striatupennis. However, Till- 
yard’s figure of the venation, as stated in the caption,’ is a restoration 
of the venation, without any indication of how much was restored. 
Comparison of Tillyard’s restoration (figure 2) with the drawing of 
the venation in striatipennis included here (figure 11), shows that if 
Tillyard’s vein R4 + 5 were attached to M instead of to R2 + 3, the 
venation would be that of striatipennis! Actually, of course, the 
origin of Tillyard’s vein ““R4 + 5” is not discernible in the type of 
permiana, its attachment to R being a part of the restored area. 
If we add to the foregoing the fact that the head and eyes of Pro- 
tembia permiana, as well as the size and general form of the body and 


2It should be noted that the caption for figure 2 was accidentally placed 
under figure 3. 
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wings, are precisely like those of striatipennis, the need for synony- 
mizing the latter becomes obvious. 

The relationships of Protembia, though by no means clear, seem to 
be with the Phenopteridae. Our knowledge of the latter insects is not 
nearly so extensive as that of Protemia, but the peculiar change in the 
appearance of the distal branches of the veins in Phenopterum is 
highly suggestive of the striated veins occurring in Protembia. At any 
rate, with the present additions to our knowledge of Protembia, there 
seems to be no evidence whatsoever for relating it to the Embioptera. 
The conclusions which Tillyard (1937) and Davis (1940) reached on 
the basis of this fossil, including the establishment of the new sub- 
order Protembiaria (Tillyard) or Protembioptera (Davis), are con- 
sequently no longer valid. With the elimination of Protembia from 
the Embioptera, the oldest record of the order reverts to the Oligocene 
(Baltic amber). Zalessky named (1937) two species of insects from 
the Permian of Russia, Tillyardemiia biarmica and T. antennacplana 
and, apparently influenced by Tillyard’s paper, assigned them to the 
order Embioptera. Unfortunately, he does not describe the venation 
of either of these species, but the few characteristics mentioned make 
it obvious that they cannot be referred to the Embioptera. Until 
more information about them is available, they can only be assigned 
to the Order Protorthoptera, “incertae sedis.” 


RELATIONSHIPS OF THESE FAMILIES 


As previously indicated in my introductory comments on the 
Protorthoptera (1943), I shall not anticipate here the conclusions of 
my current study of the Carboniferous members of the order. The 
following discussion is an attempt only to indicate the relationships of 
the Liomopteridae and other families treated in the foregoing pages 
with certain other Permian groups. However, since most of the latter 
have been described by Martynov, a brief account of his concept of the 
Protorthoptera is necessary. In his last (1938) general survey of 
insect phylogeny, Martynov dropped completely the term ‘‘Protor- 
thoptera” for a taxonomic category and attempted to separate into 
three widely divergent lines the families formerly placed under that 
order. Some of the families were transferred to the existing order 
Orthoptera (Saltatoria), but most were assigned to two superordinal 
groups. One of these, the Blattopteroidea, included the Protoblat- 
taria and Blattaria; the other, the Plecopteroidea, contained the 
extinct orders Paraplecoptera and Protoperlaria, in addition to the 
existing order Perlaria. Whether or not this division of the old order 
Protorthoptera will stand up as the insects become better known 
remains to be seen. 
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The families Liomopteridae and Lepiidae (Phenopteridae), which 
have been redescribed above, were placed by Martynov in the order 
Paraplecoptera. I concur with his grouping of these into a single 
phylogenetic line, quite apart from the question of whether that line 
represents an order or suborder; and I also include in the same group 
with these the other families described above. Although the position 
of the family Protembiidae is not so clear as that of the others, I believe 
the available evidence suggests that it is only a more specialized mem- 
ber of this same line. In the following discussion I propose first, to 
consider the characteristics common to the six families treated in this 
paper; second, to consider their differences; and finally, to compare all 
of these features with those of the Lemmatophoridae (Protoperlaria) 
and of certain other Permian families placed by Martynov in the Pro- 
toblattaria and Paraplecoptera. 

The characteristics common to the families treated in the foregoing 
pages occur in the fore and hind wings as well as the body. 

Fore wings. 

1. The most obvious venational feature common to all is the basic 
structure of the cubitus. This consists of a strong, convex CuA and 
a weak, concave CuP, which is straight or nearly so, without branches. 
In most of the species CuA has two distinct branches, CuAl and 
CuA2, the latter arising much nearer the base of the wing than the 
branches of CuAl. In two of the families, Demopteridae and Pro- 
tembiidae, there is no distinct CuA2, this vein apparently having lost 
its identity by arising distally. In all the families CuA is entirely 
independent of M or MP, with the exception of the Stereopteridae, in 
which CuA is clearly anastomosed for a short distance with M. 

2. Another obvious characteristic common to all is the weak nature 
of the vein MP, between its separation from MA and its first branch. 
Although this is more clearly seen in those species which have other 
veins especially heavy (as the Demopteridae), it can be observed to 
a greater or lesser degree in the other families. 

3. The anal veins are also essentially alike. 1A is a strong, straight 
vein, without branches, whereas 2A is distinctly branched, often 
several times. 

Hind wings. (Known only in the Liomopteridae, Chelopteridae, 
Protembiidae and Phenopteridae.) 

4. The anal area of the hind wing is similar in all these families, 
though the anal fan is slightly smaller in the Protembiidae. 

5. The basal connection of Rs, M, and Cu are similar, though show- 
ing slight differences. In the Liomopteridae, Protembiidae, and 
Phenopteridae Rs and M are independent basally, but in the Chelop- 
teridae they appear to coalesce. CuA is independent of MP in all 


; 
» 


214 CARPENTER 


families, though it probably touches M at the base. It also has a 
prominent distal fork, with the anterior branch divergent, in all the 
families except Chelopteridae. 

Body Structures. 

6. The prothorax is probably essentially alike in these six families; 
at any rate, this is true of the three families of which the prothorax is 
known. ‘There is a distinct pronotum, apparently heavily sclerotized, 
surrounded by a flat marginal area, having much generic variation in 
shape. In the Liomopteridae the marginal area is large and in L. 
ornatum it has a covering of fine microtrichia, which are not present on 
the pronotum proper. This has every appearance of being membra- 
nous. In L. sellards: the hairs are even longer and occur also on the 
pronotum. In the Chelopteridae and Protembiidae, the marginal 
area is much narrower, lacks the hair covering and appears to be more 
coriaceous than membranous. 

7. The leg structure of the families mentioned is surprisingly uni- 
form. The hind pair in all is distinctly longer than the others, though 
not modified for jumping, and so far as known the tarsal segmentation 
is alike in all legs, not only as to the number of segments but even to the 
relative sizes of the segments. 


In contrast to the foregoing characteristics, which are fairly uni- 
form throughout these families, there are several features which show 
‘marked diversity. These are especially interesting, since they indi- 
cate something of the lines of evolution which have developed within 
this particular group of families. These differences may be sum- 
marized as follows: 

1. Texture of fore wing. In the Liomopteridae the fore wing is 
clearly membranous, with a covering of microtrichia; the latter may be 
moderately long, as in Liomopterum, or very short, as in Tapopterum. 
In others, as Stereopteridae and Demopteridae, the wing is distinctly 
coriaceous and bears at most a few long and thick macrotrichia. This 
transition from membranous to coriaceous wings seems to have taken 
place, however, without any apparent change in the longitudinal veins. 

2. Cross-veins. The number and general pattern of the cross-veins 
are very different, even among the genera of the Liomopteridae. 
The pattern varies from a moderately open one in Liomopterum to a 
much denser condition in Tapopterum, Chelopteridae and Demop- 
teridae, with a true reticulation in Phenopteridae. The cross-veins 
in Chelopteridae show a marked differentiation in various parts of the 
wings. 

3. Antennae. These show surprising variation in the fossils being 
considered, at least so far as segmentation is concerned. In Lio- 
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mopterum the segments are of nearly uniform size and shape, whereas 
in Chelopterum the distal segments are fully five times as long as the 
basal ones. 

4. Cerci. These also show an unexpected amount of variation. 
In Liomopterum they are fully as long as the whole abdomen; in the 
female of Chelopterum and in Protemhia they are only about as long 
as a single abdominal segment. ‘The chelicerate cerci in Chelopterum 
are also noteworthy, since similar modifications are not known in any 
other Permian insect. 

It should be noted at this point that, although a prominent ex- 
serted ovipositor is actually known only in one family (Chelopteridae), 
a similar ovipositor probably exists in the females of all the above 
families. The odds are so much against finding a specimen which 
shows the ovipositor that little significance can be attached to the 
lack of such material. 

The similarity between some of the “Protorthoptera’’ and the 
Protoperlaria has been discussed in several papers by Martynov 
(1930), Tillyard (1937) and Carpenter (1935, 1943). The conclusion 
which I reached and to which Tillyard agreed was that the real dis- 
tinction between the Protoperlaria and its allies was to be found in the 
nymphs: those of the Protoperlaria were modified for an aquatic life, 
while those of the other groups (protorthopterous) were entirely 
terrestrial. Such a distinction, however, has no practical application 
to the classification of the fossils concerned, unless some correlation 
can be made with adult characteristics. The difficulty has perhaps 
resulted in part from the fact that, although a great deal has been 
known about the wing and body structure of the Protoperlaria, almost 
nothing has been known about the related protorthopterous groups. 
The fossils on which the present paper is based have greatly improved 
this situation. The differences and similarities between the adult 
Protoperlaria and the families described above are as follows: 

Wings. The marked similarity between the fore wings of the Proto- 
perlaria and those of the Liomopteridae makes it seem highly improb- 
able that isolated fore wings can be placed with certainty in either one 
or the other of these categories. It is true that there are fewer cross- 
veins in the fore wing of any of the Protoperlaria than there are in 
Liomopterum, which has the smallest number of any of the families 
considered here; but the difference is so small, at least in the case of 
Artinska (Protoperlaria), that its significance is questionable. Like 
the Liomopteridae, the Protoperlaria have a weak MP from its origin 
to its first fork, and also have the same general form of cubitus. The 
anal area of the fore wing seems to offer a possible lead. In all the 
families described in this paper, the anal veins are more numerous 
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and more extensive than in the Protoperlaria; the only exception to 
this is Liomopterum ornatum, which has anal veins like those of the 
Protoperlaria. The fore wings of the latter are uniform in texture, 
being membranous and covered with microtrichia. Although this is 
true of the Liomopteridae, it is not of the Chelopteridae and Demop- 
teridae, which have coriaceous fore wings. The hind wings of the 
Protoperlaria and of the Liomopteridae, Chelopteridae, Phenopteridae 
and Protembiidae present several differences which I believe are 
significant. In the latter series of families, the anal fan is larger than 
that of any of the Protoperlaria (Lemmatophoridae) and includes 
many more anal veins. Furthermore, in all the Lemmatophoridae, 
the radial sector is coalesced with MA, even in those genera (like 
Lemmatophora) in which no such coalescence occurs in the fore wing. 
In none of the four families mentioned above is there any coalescence 
of these veins. 

Body. In the Protoperlaria, the paranotal lobes of the prothorax 
are true, lateral lobes, independent of each other. In the Liomop- 
teridae, Chelopteridae and Protembiidae, the lobes are no longer 
strictly lateral or independent; they appear to have extended along 
the mid-line of the thorax, forming a continuous ring around the 
pronotum proper. The area is membranous in the more generalized 
forms (as Liomopteridae), and has the same covering of microtrichia 
as the fore wings; in the more specialized families, at least in the case 
of those having coriaceous fore wings, this marginal ring has become 
more coriaceous. ‘The Liomopteridae offer a particularly interesting . 
transition between the paranotal lobes such as are found in the Palaeo- 
dictyoptera, Protoperlaria and other extinct orders, and the pronotal 
dises, such as occur in the roaches. It seems very probable that the 
roach pronotum has formed through similar stages in its development. 
As a final difference between the Protoperlaria and Liomopteridae 
there remains to be mentioned the occurrence of the small lateral flaps 
on the abdomen of the Protoperlaria, which have been interpreted as 
vestiges of the gills possessed by the nymphs. These structures are 
clearly absent in the adults of the Liomopterids. 

As a general summary of the relationships of the Protoperlaria on 
the one hand and the Liomopteridae, etc., on the other, we may con- 
clude that, although these groups are without doubt closely related, 
the Liomopterids are more highly specialized in many ways, having a 
modification of the paranotal lobes, larger anal fan on the hind wing 
and, at least in some families, a coriaceous fore wing. 

It is necessary, at this point, to consider some of the Permian 
insects described from other deposits which seem to be related to the 
Liomopteridae. Most of these have been collected in Russian deposits 
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and described by Martynov. The family Sylviodidae was established 
by Martynov for two genera, Sylviodes and Parasylviodes, each of 
which is based on a single specimen. Unfortunately, only a few of 
the longitudinal veins are known, and none of the cross-veins except 
in the costal area. The venation that is present does suggest rela- 
tionship with the Liomopteridae, and this is further indicated by the 
prothorax of Parasylviodes. This fossil shows clearly the oval mar- 
ginal area like that of Liomopterum. Martynov placed this family in 
the Protoperlaria, but on the basis of the structure of the prothorax 
and the indication of many cross-veins in the fore wing, I refer this to 
the Protorthoptera, along with Liomopteridae. The family Sylvo- 
phlebiidae, which Martynov placed in the Paraplecoptera, is probably 
close to the Phenopteridae, although here again the anal area of the 
fore wing and the entire hind wing are unknown. The prothorax 
includes a small marginal area, which is continuous posteriorly and 
probably anteriorly. The family Camptoneuritidae, which Martynov 
also referred to the Paraplecoptera, is known from a single fore wing. 
This is well preserved and is especially interesting because it shows 
some faint lines like those of Protembia, bordering the distal part of 
the longitudinal veins. Of all the families described from other 
Permian deposits, the Ideliidae seems to be the closest to the Liomop- 
teridae and the Phenopteridae. Although a number of genera of 
Ideliidae have been established, only the fore wings have been found. 
Probably, when their hind wings and body structure are known, a 
review of the generic and family classification of all these species 
will be necessary. 
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IXXPLANATION OF PLATES 


PuaTe 1. 


Figure 1. Liomopterum ornatum Sellards. Photograph of fore wing, 
showing color markings. (Specimen no. 4828, Museum of Comparative 
Zoology, X 11). 

Figure 2. Liomopterum elongatum (Sellards). Photograph of fore wing, 
showing color markings. (Specimen no. 15612, Peabody Museum,  X 8). 


PLATE 2. 
Figure 1. Tapopterum celsum n. sp. Photograph of fore wing, showing 
color markings. (Specimen no. 4930, Museum of Comparative Zoology, X 7.5). 
FicurRE 2. Demopterum gracile n. sp. Photograph of fore wing. (Speci- 
men no. 4961, Museum of Comparative Zoology, X< 9). 


PLATE 3. 


Ficure 1. Chelopterum peregrinum n. sp. Photograph of fore wing, 
showing color markings. (Specimen no, 15645, Peabody Museum, X 6.5). 

FicuRE 2. Chelopterum peregrinum n. sp. Photograph of end of abdomen 
of male, showing curved cerci. (Specimen no. 4903, Museum of Comparative 
Zoology, X 25). 
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